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agents was not part of our protocol, despite which 80.5% of 
the cohort was alive at the end of six months.
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Introduction

Aplastic anemia has evolved from being a universally fatal 
disease to a treatable condition over the last half a century. 
The introduction of hematopoietic stem cell transplanta-
tion (HCT) [1] and immunosuppressive therapy (IST) [2] 
with equine anti-thymocyte globulin (ATG), Cyclosporine, 
and most recently, eltrombopag [3] has improved survival. 
Disease-related persistent neutropenia is associated with 
bacterial and invasive fungal infections [4, 5], but post-IST 
lymphocytolysis further complicates these [6, 7] until fur-
ther recovery facilitates infection clearance [8]. The infec-
tion susceptibility and pathogen profile are different from 
cancer therapy-induced neutropenia, owing to the unique 
immunosuppression patterns [5] and the off target effects of 
chemotherapy which cause breach of mucosal barrier.

We sought to study infective complications of aplastic 
anemia in the immediate post-IST setting in an era of chang-
ing antibiotics and drug resistance patterns. Therefore, this 
study was undertaken to characterize a) the prevalence and 
profile of bacterial, viral, and fungal infection, b) predictors 
for infection and survival, and c) survival rates and hazard of 
death from infection in patients undergoing IST with ATG/
ALG and CSA at six months post-therapy.

Abstract  Immunosuppressive therapy (IST) with anti-thy-
mocyte globulin (ATG) and Cyclosporine (CSA) in aplas-
tic anaemia (AA) results in improvement of blood counts 
between 3 and 6 months for the majority of patients. Infec-
tion is the most lethal complication in aplastic anemia and 
may arise due to several factors. We performed this study to 
determine the prevalence and predictors of specific infec-
tion types before and after IST. Six hundred and seventy-
seven (546 adults; 434 males) transplant ineligible patients 
received ATG and CSA between 1995 and 2017. All patients 
who were transplant ineligible and received IST in this 
period were included. Infections before IST was seen in 209 
(30.9%) and in 430 (63.5%) patients post IST. There were 
700 infective episodes in the six months post-IST, including 
216 bacterial, 78 fungal, 33 viral, and 373 culture-negative 
febrile episodes. Infections were highest (98, 77.8%) in very 
severe aplastic anaemia as compared to Severe AA (SAA) 
and Non-Severe AA (NSAA) (p < 0.001). Infections were 
also significantly higher in those who did not respond to 
ATG (71.1% vs. 56.8%, p = 0.003). At six months post-IST 
were 545 (80.5%) alive, and there were 54 (7.9%) deaths due 
to infection. Significant predictors of mortality were paediat-
ric AA, very severe aplastic anaemia, pre or post ATG infec-
tions, and lack of response to ATG. Mortality was highest in 
those with combined bacterial and fungal infections post IST 
(p < 0.001). We conclude that infections are a common com-
plication (63.5%) of IST. Mortality was highest when both 
bacterial and fungal infections were present. Routine use of 
growth factors and prophylactic antifungal and antibacterial 
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Methods

Patient Population

We performed this study at a hematology referral service 
in a teaching hospital in south India with an annual turno-
ver of approximately 25,000 patients. A retrospective chart 
(outpatient and inpatient) based review was conducted in all 
patients with acquired aplastic anemia who were transplant 
ineligible and hence were treated with ATG/ALG and CSA 
for the first time between 1995 and 2017 (22 years). Patients 
who required a second IST with ATG/ALG were excluded 
from this analysis.

Classification of Aplastic Anemia

The diagnosis of aplastic anemia was made based on stand-
ard criteria [9] and the severity was classified as per the 
modified Camitta criteria [10, 11]. Patients under twenty 
years of age were screened for Fanconi anemia by stress 
cytogenetics after culturing the patient and control sample 
with mitomycin C [12]. In some patients where there were 
phenotypic abnormalities or borderline scores on stress 
cytogenetics, skin biopsy for FANC D2 by western blot was 
performed. Next generation sequencing (NGS) for inherited 
bone marrow failure (IBMFS) syndromes was not available 
during the study period (Figs. 1, 2, 3 and 4). 

Immunosuppression Protocol and Response Criteria

A standard immunosuppression protocol was followed. From 
1995 to 2004, this involved ALG (Pasteur Merieux, France) 

at 15 mg per kilogram daily for five days. After 2004, ATG 
(ATGAM, Pharmacia Upjohn, USA) was used at 40 mg per 
kilogram daily for four or five days. Dexamethasone 8 mg 
intravenous was given daily just prior to ATG administra-
tion. Oral prednisolone at 1 mg per kilogram body weight 
was then initiated at completion of ATG for two weeks 
duration followed by taper over one week as serum sick-
ness prophylaxis, and Cyclosporine (5 mg/kg twice daily) 
was started once prednisolone was tapered. Cyclosporine 

Log Rank P =0.001

---- Any infec�on 

---- No infec�on

Fig. 1   Kaplan Meier survival curve for any infection. OS Overall 
survival. Kaplan Meier survival curve for all patients by post IST 
infectious status. Blue line: those who did not have any infection post 
IST. Green line: those who had any infection post IST

Log Rank P<0.001

---- No bacterial  infec�on

---- Presence of bacterial infec�on

Fig. 2   Kaplan Meier survival curve for bacterial infection. OS Over-
all survival. Kaplan Meier survival curve for all patients by post IST 
bacterial infection status. Blue line: those who did not have any bacte-
rial infection post IST. Green line: those who had any bacterial infec-
tion post IST

Log Rank p = <0.001

---- No fungal infec�on

---- Presence of fungal infec�on

Fig. 3   Kaplan Meier survival curve for fungal infection. OS Over-
all survival. Kaplan Meier survival curve for all patients by post IST 
fungal infectious status. Blue line: those who did not have any fungal 
infection post IST. Green line: those who had fungal infection post 
IST
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levels were not routinely checked and was continued for 
up to 6 months followed by taper if complete response was 
achieved. Response was classified according to NIH criteria 
[13] as Complete Response (CR) if there was transfusion 
independence with Hb ≥ 11 g/dl, Neutrophils > 1.5 × 109/l 
and Platelets > 100 × 109/l, Partial response as transfusion 
independence with Hb ≥ 8 g/dl, Neutrophils > 0.5 × 109/l and 
Platelets > 20 × 109/l and no response if there is transfusion 
dependence. Red blood cells were transfused when haemo-
globin decreased to less than 7 g/dl and platelets if there was 
bleeding or fever when it was less than 20,000/ccmm.

Diagnosis and Management of Infective Episodes

All bacterial infections had been adequately treated (i.e., 
Blood culture sterile and afebrile for 48 h after stopping anti-
biotics) at the time of initiation of IST. For fungal infections 
at least two weeks of antifungal therapy with clinical and or 
radiological signs of resolution of infection was mandatory 
before starting IST.

No prophylactic antibacterial, antiviral or antifungal 
therapy was used as a routine. If a patient developed fever, 
they were initiated on dual broad-spectrum antibiotics (an 
aminoglycoside and a third-generation cephalosporin) 
after drawing blood cultures. Carbapenems were used only 
if there was any evidence of severe sepsis or supporting 
microbiology [14] Gram-positive bacterial cover with teico-
planin was added if an indwelling central venous catheter 
was present, or fever persisted after 48 h of antibiotics ther-
apy, or clinical evidence of skin and soft tissue infection 
was present. A chest X-ray, urine analysis, and malarial 

parasites screening were performed in all cases. A High-
resolution CT(HRCT) scan of the chest was done if X-ray 
infiltrates suggested fungal infection or a persistent fever 
for more than three days with negative bacterial cultures. 
Serial galactomannan level (since 2016) was done if the 
HRCT was suggestive of invasive fungal pneumonia [15], 
and it was used as a surrogate serologic marker of invasive 
aspergillus infection. Invasive fungal infections were clas-
sified into proven, probable, and possible per international 
guidelines [16].Confirmation of etiology of pneumonia by 
bronchoscopy and bronchoalveolar lavage was limited by 
thrombocytopenia. If there were skin lesions suggestive of 
herpes simplex or herpes zoster then a Tzank smear was 
done. If there were associated upper respiratory or flu like 
symptoms then a multiplex viral PCR for respiratory viruses 
throat swab was sent. All patients had central venous cath-
eters (peripherally inserted central catheter or internal jugu-
lar central venous catheter) inserted for ATG therapy, usu-
ally removed after partial recovery of counts and increasing 
transfusion independence. If there were any cutaneous or 
joint symptoms in the first month post ATG with or without 
fever it was considered to be Serum sickness and treated 
accordingly with dexamethasone until symptoms resolve 
followed by a rapid taper. In our institution, growth factors 
were used only in neutropenic episodes with severe sepsis 
for seven days [11] and is not routinely employed due to a 
clear lack of benefit [17].

Statistical Analysis

The descriptive data were reported as means with standard 
deviation (medians and interquartile range for non-paramet-
ric distributions) or frequencies with percentages as appro-
priate. Continuous data were compared with the T-test or 
Mann–Whitney U test as appropriate. Proportions were com-
pared using the Pearson chi-square test or Fisher exact test. 
The relationships of clinical features to the therapy outcome 
were analysed by logistic regression, and their 95% confi-
dence intervals were calculated.

The Kaplan–Meier method was used to estimate over-
all survival, and comparisons were based on the log-rank 
test. Analysis of risk factors for survival was calculated 
using Cox regression proportional hazards method. Vari-
ables used in the survival analysis were age (pediatric ≤ 15/
adult > 15), sex, the severity of aplastic anemia, presence of 
PNH clone, infection (both pre and post-treatment), multi-
drug-resistant infection, serum sickness, year of treatment 
(≤ 2005/ ≥ 2006), and response to ATG (complete/ incom-
plete). For all tests, a 2-sided p value of 0.05 or less was 
considered statistically significant. Data were analysed using 
the IBM SPSS statistics version 24. This study was approved 
by the Institutional Review Board and hospital ethics com-
mittee [IRB Min. No. 12943].

Log rank p = <0.001

Fig. 4   Kaplan Meier survival curve for attributable infection. OS 
Overall survival. Kaplan Meier survival curve for attributable infec-
tion. Blue line: No infection, Green line: Culture Negative Febrile 
Neutropenia (CNFN), Brown line: bacterial infection, Violet line: 
fungal infection, Orange: both bacterial and fungal infections
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Results

Patient and Disease Characteristics

Baseline characteristics have been described in Table 1. A 
total of 677 patients received immunosuppressive therapy 
with horse ATG/ALG and Cyclosporine between 1995 and 
December 2017. There were no significant differences in the 
baseline characteristics between adult and pediatric popula-
tion except that the number of Very Severe Aplastic Anemia 

(VSAA) was significantly higher in the pediatric (34, 26%) 
than the adult (92, 16.8%) cohort (OR, 95% CI, p 0.048).

Infections Prior to IST

Two hundred and eight patients (30.9%) had infections before 
IST. There were 256 infective episodes, of which 116 were 
bacterial infections, five were fungal, two were malarial, and 
the rest were culture-negative febrile neutropenia (133). The 
most common infection was Klebsiella species (21, 18%) 
followed by Pseudomonas species (19, 16.3%), Coagulase 
Negative Staphylococcus (CONS) (18, 15.5%), Escherichia 
coli (17, 14.6%) and Staphylococcus aureus (13, 11.2%) 
and Non Fermenting Gram-negative Bacilli (NFGNB) (13, 
11.2%). There were five fungal infections, of which two had 
candidemia, one had Mucormycosis of the paranasal sinus, 
and two patients had probable fungal pneumonia. Most of the 
infections were seen one month before IST therapy.

Post‑IST Infections (Table 2)

The microbiological characteristics, resistance patterns 
and sites of infection of infections post IST are described 
in Table 2.

We observed a total of 700 febrile episodes in 430 
(63.5%) patients after administration of ATG. Culture-nega-
tive febrile episodes (373) were seen in 270 (39.8%) patients. 
Bacterial infections were seen in 179 (26.4%) patients with 
216 bacterial episodes. Fungal infections were seen in 75 
(11%) patients with 78 fungal infective episodes, and 33 
(4.8%) patients had a single viral infection each.

Bacterial Infections

Bacterial infections were seen in 179 (26.4%) patients. There 
were 216 episodes, with 149 patients having a single epi-
sode, 26 patients had two episodes, two patients had three 
episodes, and one patient had four and five bacterial infec-
tions each. The majority of the bacterial infections [69.4%] 
were seen within the first month of therapy and the median 
time to infection was 19 days [range 1 to > 180]. Gram-
negative infections (119, 55%) were more common than 
gram-positive (57, 26.3%). E. coli was the most common 
bacterial infection [36 (16.6%)]. Drug resistant infections 
were seen in 30 (13.8%) of bacterial infections.

Viral Infections

Viral infections were seen in thirty-three patients (33, 4.8%). 
The majority of the viral infections (21, 63%) were seen 
within the first month after ATG therapy, and the median 
time to infection was 10.5 days [range 1 to > 180]. The most 
common viral infection was herpes.

Table 1   Baseline characteristics of patients undergoing treatment 
with IST

Age

 Paediatric ≤ 15 years 131 (19.4%)
 Adult > 15 years 546 (80.6%)
  16–30 years 187 (27.6%)
  31–50 years 203 (30%)
  > 50 years 156 (23%)

 Total 677
Median age (in years) 33 (1–83)
Sex
 Male 434 (64.1%)
 Female 243 (35.9%)

Severity
 Non-severe (NSAA) 166 (24.5%)
 Severe (SAA) 385 (56.9%)
 Very severe (VSAA) 126 (18.6%)

PNH clone
 Present 49 (7.2%)
 Absent 417 (61.6%)
 Unknown 211 (31.2%)

Previous treatment
 Treatment naive 443 (65.5%)
 Stanazolol/danazol 33 (4.9%)
 Prednisolone 85 (12.5%)
 Cyclosporine 114 (16.8%)
 Others 2 (0.3%)

Immunosuppressive therapy
 ATG (Anti Thymocyte Globulin) 424 (62.6%)
 ALG (Anti Lymphocyte Globulin) 253 (37.4%)

Diabetes—pre-existing/therapy-induced
 Yes 128 (18.9%)
 No 549 (18.9%)

Serum sickness
 Yes 171 (25.3%)
 No 506 (74.7%)

Time from diagnosis to starting ATG/ALG
 Median (Range) 1 month 

(0–189 months)
 Mean 4 months
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Table 2   Microbiological 
characteristics, resistance 
patterns and sites of infetction 
of 700 episodes of infection 
after IST

*All patients with candidemia succumbed to infection. E. coli Escherichia coli, NFGNB-Non Fermenting 
Gram Negative Bacilli, M. tuberculosis Mycobacterium tuberculosis, M. fortuitum Mycobacterium fortui-
tum

Infection Number (%)

Total infectious episodes 700
 Culture negative febrile illness 373 (53.2%)
 Bacterial 216 (30.9%)
 Median time to infection 19 days (range 1 to > 180)

  Gram-negative 119 (55%)
   E. Coli 36 (16.6%)
   Klebsiella pneumoniae 26 (12%)
   Pseudomonas aeruginosa 21 (9.7%)
   NFGNB 10 (4.6%)
   Salmonella 6 (2.7%)
   Aeromonas 6 (2.7%)
   Others 14 (6.4%)
  Gram positive 57 (26.3)
   Staphylococcus aureus 17 (7.8%)
   Coagulase negative Staph aureus 23 (10.6%)
   Enterococci 11 (5.0%)
   Others 6 (2.7%)
  Polymicrobial 5 (2.3%)
  Tuberculosis (M. tuberculosis and M. fortuitum) 3 (1.3%)
  Malaria 4 (1.8%)
  Unknown 28 (12.9%)

 Fungal 78 (11.1%)
 Median time to infection 22 days [range: 1 to > 180 days]

  Proven 38 (48.7%)
  Probable 17 (21.8%)
  Possible 23 (29.5%)

 Viral 33 (4.8%)
 Median time to infection 10.5 days [range 1 to > 180]

  Herpes 26 (78.7%)
  Influenza 2 (6.1%)
  Varicella 2 (6.1%)
  Others 3 (9.1%)

Drug resistant bacterial infection 30 (13.8%)
 Extended spectrum beta lactamase 12 (5.5%)
 Carbapenem resistant organism 14 (6.4%)
 Methicillin resistant Staphylococcus aureus 3 (1.3%)
 Vancomycin resistant Enterococcus 1 (0.4%)

Sites of bacterial infection
 Bloodstream infection 120 (55.5%)
 Skin and soft tissue 37 (17.1%)
 Pneumonia 25 (11.5%)
 Urinary tract infection 19 (8.7%)
 Gastrointestinal 8 (3.7%)
 Osteomyelitis 3 (1.3%)
 Others 4 (1.8%)

Sites of fungal infection
 Invasive fungal pneumonia 54 (69.2%)
 Fungal sinusitis 8 (10.2%)
 Bloodstream (Candidemia)* 3 (3.8%)
 Fungal pneumonia and sinusitis 8 (10.2%)
 Others 5 (6.6%)
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Fungal Infections

Seventy-five patients had a total of seventy-eight episodes of 
fungal infections. The distribution of infections is described 
in Table 2. Invasive fungal pneumonia was the most com-
mon site of infection (54, 69.2%), followed by fungal sinusi-
tis (8, 10.2%) and bloodstream infection (3, 3.8%). Eight 
patients had both fungal pneumonia and fungal sinusitis. 
Other sites of infection were skin and soft tissue infec-
tions, urinary tract infections, and laryngeal candidiasis. 
The majority of the fungal infections [63%] were observed 
in the first month following ATG therapy, and the median 
time to infection was 22 days [range 1 to > 180 days]. The 
most common fungal infection was pneumonia with angio-
invasive Aspergillus, and Aspergillus flavus, fumigatus, and 
tereus were all equally observed. The next most common 
was Candidal infection, where tropicalis species were more 
common than krusei and glabrata. All patients with candi-
demia succumbed to the illness.

Unique Infections

Certain infections unique to our cohort include gastro-
enteritis with Vibrio cholera, NON 01/NON0139 type (2 
patients), Salmonella typhoid infection in six patients, 
and shigella diarrhoea in two patients. These patients 
recovered from the illness except one with Salmonella 
osteomyelitis, who later succumbed to invasive fungal 
pneumonia. During the 2010 H1N1 epidemic, any patient 
with fever and upper respiratory tract symptoms were 
swabbed for the H1N1 PCR and treated with oseltami-
vir. One patient developed acute respiratory distress syn-
drome with H1N1 and was successfully treated. Atypi-
cal mycobacterial infection was seen in one patient with 
three blood cultures growing mycobacterium fortuitum. 
Six-month of therapy with amikacin, clarithromycin, and 
levofloxacin was given. Two patients had probable pul-
monary tuberculosis (typical radiological features but not 
confirmed microbiologically), treated with four drug anti-
tuberculosis therapy.

Risk Factors for Post‑IST Infections (Table 3)

The total number of infections, specifically fungal [13 
(16.6%) vs 65 (83.3%), p < 0.01] were significantly higher 
in the last decade, i.e., 2017 to 2006 compared to the years 
earlier than 2006. Risk factors for infection included sever-
ity of aplastic anemia [VSAA—77.8%; SAA—62.3% 
and NSAA—55.4% (p = 0.000)] and no response to ATG 
[71.1% in those with no response, 59.1% in those with par-
tial response, and 56.8% in those with complete response 
(p = 0.003)].

Outcome Characteristics

Response at six months to ATG and Cyclosporine was 
seen in 397 (58.6%), including a complete response (CR) 
in 22.9% (155) and a partial response (PR) in 35.7% (242). 
At six months post-IST, 545 (80.5%) were alive, and at last, 
follow-up [median of 20 months (0–315)], 486 (71.7%) were 
alive. At the end of six months, bacterial infections were the 
cause of death in 34 (25.8%), fungal infections in 20 patients 
(15.2%), and uncontrolled bleeding in thirteen (10 with 
intracranial hemorrhage, 2 with diffuse alveolar hemorrhage, 
and one with gastrointestinal bleed). The cause of death was 
not known in sixty-five cases as they were not in the hospital 
at the time of death but were most often infection related as 
per unofficial communication with the next of kin (Table 4).

Discussion

Infections are a leading cause of mortality in patients with 
aplastic anemia [18, 19]. The prevalence of infections fol-
lowing IST and ranges between 32% [20] and 81% [21], 
with a previous study from India diagnosing febrile neutro-
penia in 57% [22] post-IST. In our series, the prevalence of 
documented infections was 42.3%. In a study from the Delhi 
[23], Seven patients (22.58%) of 31 patients developed infec-
tion within 1 month of post ATG. In five patients there was 
no aetiology, one had a bacterial pneumonia and one had 
pseudomonas sepsis. Majority of infected patients were in 
the non-response group. In another single centre experience 
from western India [22], febrile neutropenia was the most 
common (affecting 57.1% patients) adverse event where 
infection, pneumonia and sepsis were the leading causes of 
death. In a recent study [24], gram negative sepsis and fun-
gal infections were common and was the cause of mortality 
in all four of the patients who died, post ATG.

The use of prophylactic broad-spectrum antibiotics to 
prevent febrile neutropenic episodes in aplastic anemia is 
recommended [11], especially in those with VSAA [25]. 
However, because of the high prevalence of multidrug-
resistant organisms in the Indian subcontinent, prophylactic 
antibiotic use may be ineffective [26]. Similarly, pre-emptive 
acyclovir and secondary prophylaxis has been recommended 
but in clinical practice, this is not followed since infections 
due to herpes viruses are not a cause of severe morbidity or 
mortality.

Majority of the infections occur during the first month fol-
lowing treatment with IST corresponding to the severity of 
neutropenia, at which time some guideline advises growth 
factors to mitigate this risk [27]. The use of growth factors 
with ATG therapy is controversial with no proven decrease in 
infection-related mortality and clonal transformation [28, 29].
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Bacterial infections occurred mainly due to Gram-nega-
tive organisms which is different from the West [18, 21] but 
similar to studies from east Asia where again grame nega-
tive infections are common [20, 22, 30]. This predominance 
of gram-negative organisms in different hospitalized patient 
populations is well described across India [29–31] including 
patients undergoing chemotherapy for cancer [31] Higher 
community prevalence of multidrug resistant organisms and 
recurrent prior admissions for febrile or hemorrhagic compli-
cations may explain this high incidence [32, 33]. Fluoroqui-
nolone prophylaxis in neutropenia is a practice across Europe 
and North America with a proven decrease in bloodstream 
infections [34]; however, widespread resistance to this drug 
precludes its use in a country like India [35]. The advent 
of organisms like NDM-1 producing Klebsiella pneumoniae 
[34] in the country is reflected in our study, with a significant 
number of MDR infections in recent years than in the earlier 
decade. Presence of MDR organisms in neutropenic patients 
post ATG therapy results in critical illness and severe sepsis 
since the recovery of neutrophil count is not imminent, hence 
proving to be dreaded and often fatal complication.

Invasive fungal disease [IFD] infections continue to 
remain a concern with an increasing incidence of IFD in 

our cohort similar to other studies across India [22, 24]. IFD 
has decreased over the last two decades across the world 
due to the addition of numerous antifungal drugs and novel 
diagnostic strategies [18]. Since India is endemic to malarial 
infection, it was not surprising to see two patients with vivax 
malaria pre ATG and four patients post-ATG, one of whom 
had infection with falciparum species and the rest vivax 
species. They were all diagnosed while staying in the com-
munity and were subsequently admitted. None had severe 
disease or significant organ dysfunction.

All infections were higher in those who had no reponse to 
IST [430 (63.5%) vs 247 (36.5%), p = 0.003] as was seen in 
the AIIMS paper [23]. This was also seen in another series 
of 100 children with acquired aplastic anemia treated with 
IST [36]. Increased infections are also universally associated 
with a higher risk of mortality [37]. In an elderly cohort 
bleeding and infection was significantly associated with 
mortality (p = 0.02) [38]

Severity of aplastic anemia was also a significant predic-
tor of infections, post IST. This was also described from a 
center in Thailand where the “only risk factor that correlates 
with high probability of infection was ANC < 500/mm(HR 
2.29, 95% CI 1.03–7.72, p = 0.043) [20]. In another study 

Table 3   Risk factors for 
infections following IST

Very Severe Aplastic Anemia and lack of response to IST were significantly associated with infections post 
IST on multivariate analysis. Other parameters like pedaitric age group, male sex, presence of serum sick-
ness and use of ALG were significant only on univariate analysis
NS not significant

Characteristic Univariate Multivariate

Risk (95% CI) p value Risk (95% CI) p value

AGE (years) NS
 ≤ 15 1.1 (0.79–1.75) 0.010
 > 15 1.0

Sex NS
 Male 0.9 (0.67–1.30) 0.714
 Female 1.0

Diagnosis
 VSAA 4.4 (2.64–7.43) 0.000 4.5 (2.44–8.30) 0.000
 SAA 2.0 (1.31–3.14) 0.001 1.8 (1.12–2.96) 0.014
 NSAA 1.0

PNH Clone NS
 Present 1.2 (0.67–2.26) 0.484
 Absent

Diabetes mellitus (Yes) 0.6 (0.45–1.06) 0.098 NS
Therapy used NS
 ALG 0.3 (0.25–0.52) 0.000
 ATG​

Serum sickness (Yes) 0.6 (0.42–0.92) 0.019 NS
Current disease status 0.004 1.84 (1.16–2.92) 0.009
 Complete response 1.0
 No response 1.8 (1.22–2.77)
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five out the twelve patients who died, had infections and 
“prolonged and severe neutropenia” [21]. Our large series 
corroborates the evidence that lack of response to infection 
and disease severity are significant predictors on infection 
and in turn mortality.

Since this was a retrospective analysis, data was unavail-
able in some cases before 2004, especially regarding the 
cause of death as patients who were still transfusion depend-
ant after three months tended to go back to their local hos-
pitals for transfusion support and were subsequently lost to 
follow up. The unavailability of next-generation sequencing 
(NGS) to detect inherited bone marrow failure syndrome 
(IBMFS) in all paediatric cases may have impacted the 
adverse outcomes in this population. Diagnosis of bacterial 
and fungal infections have changed rapidly over the period of 
the study, with the availability of High-resolution computed 
tomography (HRCT) thorax (Invasive fungal pneumonia), 

Galactomannan Elisa, Carba Xpert PCR, BioFire PCR, 
MALDI-TOF and other novel testing strategies. The absence 
of these in earlier patients may have affected the diagnosis 
leading to many more being termed as “culture negative 
febrile neutropenia”. This could be a limitation of the study, 
however, the large numbers included give us valuable infor-
mation on the infection profile and outcomes.

Conclusion

We conclude that infections are common complications 
(63.5%) of IST with ATG/ALG and CSA. Routine use of 
growth factors, prophylactic antifungal, and antibacterial 
agents was not part of the regular protocol, despite which 
80.5% of the cohort was alive at the end of six months, hence 
we do not recommend prophylactic antimicrobial use. Those 

Table 4   Risk factors for all-
cause mortality following IST

NS not significant
All-cause mortality in the pediatric population was significantly higher (p = 0.006). Specifically, 53 (40.4%) 
of the pediatric cohort died compared to 51 (27.2%) of those between 16 and 30 age, 50 (24.6%) of those 
between 31 and 50  years and 37 (23.7%) of those older than 50  years. This can be attributed to higher 
VSAA (26% vs 16.8%, p = 0.048) in the pediatric cohort. The presence of PNH clone at diagnosis had 
lower mortality, 5 (10.2%) vs 112 (26.8%) (p = 0.027), though PNH clone was present comparably in all 
classes of severity (p = 0.409). Use of ALG (119, 47.03% vs 72, 16.9%) was associated with higher mortal-
ity than ATGAM [p =  < 0.001], though there were more infections in the ATG group

Characteristic Univariate Multivariate

Risk (95% CI) p value Risk (95% CI) p value

Age (years)
  ≤ 15 1.9 (1.38–2.61) < 0.001 1.9 (1.20–3.13) 0.006
 > 15 1.0

Sex NS
 Male 1.0 (0.75–1.36) 0.965
 Female 1.0

Diagnosis
 VSAA 2.8 (1.86- 4.45)  < 0.001 3.3 (1.49–7.57) 0.003
 SAA 1.5 (1.01–2.24) 0.045 1.7 (0.84–3.76) 0.132
 NSAA 1.0

PNH clone NS
 Present 0.4 (0.14–0.89) 0.027
 Absent

Infection post-IST (Yes) 2.1 (1.60–2.85)  < 0.001 3.3 (2.09–5.44)  < 0.001
Infection pre IST (Yes) 2.1 (1.59–2.91)  < 0.001 NS
MDR infection (Yes) 2.1 (1.34–3.46) 0.002 NS
Diabetes mellitus (Yes) 0.6 (0.37–1.06) 0.083 NS
Therapy used
 ALG 3.1 (2.32–4.19)  < 0.001 3.5 (2.14–5.83)  < 0.001
 ATG​ 1.0

Serum sickness (Yes) 1.4 (1.01–1.87) 0.039 NS
Current disease status  < 0.001 38.9 (5.36–282.19)  < 0.001
 Complete response 1.0
 No response 28.6 (9.13–90.07)
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with both bacterial and fungal infections had the maximum 
infection attributable mortality. Rising drug resistance 
and newer diagnostic techniques to diagnose IBMFS may 
decrease IST usage. We hope that newer drugs like Eltrom-
bopag and diagnostic tests with a rapid turnaround time to 
detect invasive fungal infections and drug-resistant bacterial 
infections will positively impact clinical outcomes in this 
high-risk population.
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